Apoptosis inhibitor of macrophage (AIM) is a member of the scavenger receptor cysteine-rich (SRCR) superfamily. The SRCR superfamily is characterized by unique cysteine-rich domains, which was initially discovered in type I macrophage scavenger receptor \[[@r5], [@r10]\]. Although the SRCR domain is highly conserved among members of the superfamily, each member appears to have different functions \[[@r17], [@r18]\]. AIM was initially identified in humans and mice as a protein that is produced by mature tissue macrophages and supports cell survival against various apoptosis-inducing stimuli \[[@r7], [@r11], [@r14]\]. In other reports, AIM is secreted into circulation and effects on survival of various immune cells including macrophages themselves, B lymphocytes and natural killer T cells \[[@r6], [@r8], [@r9], [@r13], [@r20]\]. Based on these functions of AIM, AIM signal could be related to tumorigenic transformation of macrophages, such as histiocytic sarcoma.

AIM is also discussed as a key molecule on diabetes, metabolic syndrome and obesity. Progression of obesity leads to infiltration of inflammatory macrophages into the adipose tissue which triggers insulin resistance and metabolic syndrome \[[@r16], [@r19]\]. AIM is highly secreted in obese animals and initiates macrophage recruitment into adipose tissue, which is followed by insulin resistance \[[@r2], [@r12]\]. Moreover, AIM has high binding affinity to CD36, and then, the complex causes lipolysis via suppression of cytosolic fatty acid synthase activity \[[@r4], [@r12]\]. Thus, suppression of AIM may be therapeutically applicable for the prevention of obesity-related lipid metabolism disorders. In the present study, we performed molecular cloning of canine AIM gene and observed its transcriptional expression levels in various normal tissues and cell lines of histiocytic sarcoma.

To determine the coding sequence (CDS) of canine AIM, a frozen spleen tissue specimen from a healthy adult Beagle dog, which was kindly gifted from Professor Tsujimoto, the University of Tokyo, was used. The tissue specimen was stored at −80°C until use. Total RNA of the tissue specimen was prepared using RNeasy Mini Kit (QIAGEN, Hilden, Germany). After treatment with DNase I, the total RNA was converted into cDNA using a SuperScript III First-Strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA, U.S.A.). To clone the CDS of canine AIM gene, primer sets were designed according to a predicted sequence of canine AIM gene (GenBank accession no. XM_005622660, [Table 1](#tbl_001){ref-type="table"}Table 1.Sequences of oligonucleotide primers used for gene cloning of canine AIMPrimersSequence (5′--3′)PositionsP1ForwardGTC AGC ATC TCC AGC AGC CTG--25--5P2ForwardGAA CTT TGC AGC TGC CAA GGT G477--498P3ReverseCAT TTC CGG GTC AGT ATG GCC545--525P4ReverseGGT CAG CTC AGG CAT CAG GTA G1051--1030). Using primers P1 and P4, the canine AIM cDNA was amplified from the spleen cDNA by polymerase chain reaction (PCR) with AmpliTaq Gold (Applied Biosystems, Forster City, CA, U.S.A.). Conditions for PCR cycles were as follows: preheating at 95°C for 9 min; 35 cycles at 94°C for 30 sec, 63°C for 30 sec and 72°C for 2 min. PCR product was cloned into the pCR II-TOPO vector using a TA Cloning kit (Invitrogen), followed by transformation of *Escherichia coli* competent cells (Invitrogen). Plasmid DNAs were extracted from bacterial cultures grown in LB agar medium using a QIAprep Spin Miniprep kit (QIAGEN). For DNA sequencing, PCR was performed using several primer sets ([Table 1](#tbl_001){ref-type="table"}, P1--P3, P2--P3 and P2--P4). PCR products were sequenced using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) with an Applied Biosystems 3130 × l Genetic Analyzer (Applied Biosystems). Then, the CDS of canine AIM cDNA was determined using Sequence Scanner v1.0 (Applied Biosystems), followed by converting into amino acids sequence and compared to nucleotide/amino acids sequence of the CDS of AIM of the human (accession no. NM_005894), mouse (NM_009690) and rat (NM_001025685), using CLC Sequence Viewer 6 (QIAGEN) and L-ALIGN (http://embnet.vital-it.ch/software/ LALIGN_form.html).

The CDS of canine AIM was 1,023 bp encoding 340 amino acid residues ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Nucleotide and deduced amino acid sequences of canine AIM (accession number: AB_915633). The CDS of canine AIM was composed of 1,023 bp encoding 340 amino acids residues. The predicted signal peptide of canine AIM is marked by an underline. The three presumed SRCR domains are boxed with solid lines. Predicted N-linked glycosylation sites were shown as circles.). It has been registered in DDBJ under accession no. AB_915633. It was almost consistent with predicted CDS of canine AIM (99.8%, 1,021 of 1,023 bp), however, there were two single amino-acid replacements (F7L and R138C). Canine AIM included amino acid sequences of a presumed signal peptide and three SRCR domains. AIM is divided into reported to have two types among animal species. AIM of humans, mice and rats contains three SRCR domains, while bovine and porcine AIM contains more than three SRCR domains (bovine: accession no. NM_001102119 and porcine: NM_001243468). Thus, canine AIM was similar to human, mouse and rat AIM. The amino acid sequence of canine AIM was shown to have 66.2%, 61.0% and 64.5% of similarity with those of human, mouse and rat AIM, respectively ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Alignment of the deduced amino acid sequence of the CDS of canine AIM with those of human, mouse and rat homologs. The deduced amino acid sequence of canine AIM cDNA cloned in this study was shown to have 66.2%, 61.0% and 64.5% similarity with those of the human, mouse and rat counterparts, respectively. Asterisks indicate identical amino acids. Colons and periods indicate strong and weak conservation of similar amino acid properties. The predicted signal peptide of canine AIM is marked by an underline. Cysteine residues are shown on a black background. The three presumed SRCR domains are boxed with solid lines.). We found eleven disulfide bond sites in canine AIM, which were perfectly conserved compared to those of human, mouse and rat AIM.

The transcriptional expression ratios of canine AIM in various tissues were detected ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Expression levels of AIM and CD36 mRNA in five healthy adult dog tissues. These gene expression levels were normalized to GAPDH. The columns and error bars represent the means and their standard errors.). Frozen tissues from six healthy adult Beagle dogs were used. They were kindly gifted from Professor Sasaki, the University of Tokyo. RNA samples from the cerebrum, thyroid gland, lung, heart, liver, pancreas, stomach, small intestine, colon, kidney, spleen and lymph node were isolated and converted to cDNA. Transcriptional expression ratios of canine AIM, CD36 and glyceraldehyde-3 phosphate dehydrogenase (GAPDH) as an internal control were quantified by StepOnePlus Real-Time PCR system (Applied Biosystems) using a commercial kit (Thunderbird SYBR qPCR Mix, Toyobo, Osaka, Japan). The sequences of the primer pairs used for q-PCR are shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Sequences of oligonucleotide primers used for q-PCRPrimer setSequence (5′--3′)PositionsAccession numberAIMForwardTCC AGA GAA TGT GCG ACT GG378--488XM_005622660ReverseGCT GCA AAG TTC CAG CTT CCCD36ForwardAAG GAA GTT GTA CTT GAA GAA GGT118--224GU_108578ReverseTCC TGT GCA TTT TGC ACG TCGAPDHForwardGCT GCC AAA TAT GAC GAC ATC A748--822NM_001003142ReverseGTA GCC CAG GAT GCC TTT GAG. A standard curves method was employed for quantification of PCR products. Conditions for q-PCR cycles were as follows: preheating at 95°C for 10 min; 40 cycles at 95°C for 15 sec and 60°C for 1 min. All samples were examined in triplicate, and each of samples had only a single peak in the melting curve.

Among tissues tested in this study, substantial mRNA expression of canine AIM was observed in lung, thyroid gland, liver, spleen and lymph node ([Fig. 3](#fig_003){ref-type="fig"}). Especially, AIM gene was tremendously highly expressed in the spleen. The other tissues, such as cerebrum, pancreas, small intestine and colon, showed very little AIM gene expression. In previous reports of mice, AIM mRNA is expressed in mature tissue macrophages in peritoneal exudate cells, spleen and expressed in fetal liver, lung, bone marrow and lymph node \[[@r7], [@r14]\]. Our results in this study are consisted with these reports. Although there is no direct evidence that macrophages themselves express AIM, transcriptional levels of canine AIM could be dependent on distribution of tissue macrophages.

CD36 is one of the binding proteins for AIM and involved in AIM-related lipid metabolism \[[@r4]\]. In this study, expression ratios of CD36 mRNA in various tissues were also observed ([Fig. 3](#fig_003){ref-type="fig"}). Although the expression quantities were quite different among tissues, all tissues except the cerebrum possessed had substantial CD36 mRNA. The high levels of CD36 expression were observed in the lung and spleen, whereas the lower levels were found in the thyroid gland, heart, stomach, kidney, pancreas, colon and lymph node. Thus, the targets of canine AIM could be also wide-spread like those of mouse and human AIM \[[@r4], [@r12], [@r20]\], which could have multifunctions for cell survival and diabetic metabolisms. Future studies are needed to reveal the actual functions of AIM in the dog.

Interestingly, we observed AIM expression in the thyroid gland. Based on the histological aspect, the thyroid gland should contain very few tissue macrophages. To our knowledge, AIM expression of thyroid gland has not been investigated in any other previous reports. Although AIM is believed to be specifically expressed in macrophages \[[@r7], [@r14]\], it might be expressed in other cell types, such as thyroid glands. As CD36 mRNA was also detected in the thyroid gland in this study, it is implicated that AIM could be also functional in the thyroid gland. However, since AIM gene expression in the thyroid gland was variable, it can't be completely denied that some of them had the latent thyroiditis.

Canine histiocytic sarcoma is a tumor derived from macrophages, dendritic cells, monocytes and Langerhans cells \[[@r1], [@r15]\]. In this study, expression ratios of AIM and CD36 mRNA in several histiocytic sarcoma cell lines were observed. The cell lines were established by Dr. Azakami \[[@r3]\]. RNA samples were extracted from three different passages of each cell line, and the quantities were measured using qPCR. As shown in [Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Expression levels of AIM and CD36 mRNA in eight histiocytic sarcoma cell lines. These gene expression levels were normalized to GAPDH. The columns and error bars represent the means and their standard errors., AIM mRNA was highly expressed in one cell line and CD 36 was highly expressed in six cell lines, while both of them were low in two out of eight cell lines. These results may attribute to the facts that some histiocytic sarcoma cells are derived from other cells than macrophages \[[@r1], [@r15]\] and there could be other reasons in tumorigenesis of histiocytic sarcoma. Comparisons of AIM expression levels in *in vivo* primary tumor tissues with other healthy organs are needed in next studies. Nevertheless, it is suggested that AIM expression could be altered at least in some of histiocytic sarcoma cell lines and these cell lines are good models to reveal the mechanisms of tumorigenesis related to AIM.

In conclusion, we cloned the canine AIM mRNA sequence and detected distribution of transcriptional expression of AIM and CD36 in dogs. Canine AIM has a signal peptide and three SRCR domains, conserved compared to human, mouse and rat AIM. Canine AIM mRNA was expressed highly in spleen and other organs which have tissue macrophages, such as lung, liver, lymph nodes and histiocytic sarcoma. CD36 was also expressed in various tissues and histiocytic sarcoma, indicating that canine AIM could have many targets and multifunctions.
